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TESTS  OP  TriE  STRENGTH  0*'  tJoREW  T..HEA  o. 
SERIES  1911. 

********    INTRODUCTION  ******** 

The  question  of  what  effect  the  tightening  of  a  bolt 
has  upon  its  strength  to  resist  additional  pull  from  the  con* 
nected  members,  is  one  that  is  asked  every  day  in  the  shops* 
Should  the  total  resultant  load  on  the  bolt  be  the  sum  of  the 
initial  tension  due  to  tightening  plus  the  whole  of  the  extern- 
al or  useful  tension,  or  should  we  add  only  a  part  of  the  extern- 
al load?    Does  the  packing  make  any  difference,  and  if  so,  of 
what  nature?    Are  there  any  definite  rules,  even  though  approx* 
imats,  which  can  be  deduced  for  the  guidance  of  the  shop-man? 

These  questions  are  very  frequently  met  with,  and 
are  pertinant.    It  is  surprising  to  find  that  a  relatively  small 
amount  of  work  has  been  done  upon  this  problem.  Practically 
all  investigations  have  been  non-experimental.    Testa  have  been 
conducted  at  Sibley  College  to  determine  the  probable  loads 
produced  in  standard  bolts  when  tightened  for  a  steam-tight 
joint,  but  no  attempt  has  been  made  to  determine  the  relations 
existing  between  this  load  and  the  total  tension  on  the  one 
hand,  and  the  uaeful  or  external  load  on  the  other.    So  far  as 
we  have  been  able  to  determine,  no  investigations,  either  the- 
oretical or  experimental,  have  ever  been  undertaken  to  discover 
the  effects  of  different  kinds  of  packing  on  these  loads. 

It  is  the  object  of  this  thesis  to  reproduce  shop 
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conditions  as  nearly  as  possible,  and  to  determine  what  percent 
of  the  useful  load  should  be  added  to  the  initial  tension  when 
a  bolt  is  tightened  under  the  conditions  of  no  packing,  copper 
and  rubber  gaskets.    Because  of  the  unexplored  field  into  which 
this  investigation  enters  and  the  consequent  discovery  of  unfore- 
seen difficulties  and  complications,  we  feel  that  this  work  is  , 
at  best  very  elementary,  but  we  hope  that  it  may  lead  the  way 
for  a  deeper  and  more  exhaustive  study* 

In  Part  II,  will  be  found  a  description  of  testa  of 
square  threads  and  results,  to  supplement  the  work  of  Hodgson 
and  Miller  entitled,  "Experiments  of  the  Strength  of  Bolts  and 
Screws." 

******     II.  THEORY  AND  AVAILABLE  DATA.  ****** 

Unwin,  in  his  theoretical  discussion  of  bolts  in 
tension,  pages  189-193,  arrives  at  the  following  conclusions ;- 
(1)  the  moment  of  friction  due  to  turning  the  nut  increases  the 
axial  tension  by  about  17%,   (2)  that  the  tension  placed  upon  the 
bolt  to  make  a  steam  or  water-tight  joint  is  equal,  in  practic- 
ally all  sizes  of  bolts,  to  3,764  pounds.    From  his  experiments 
at  Sibley  College  Cornell  University,  Professor  Barr  arrived  at 
the  conclussion  that  the  initial  tension  on  any  size  of  bolt 
due  to  making  a  steam-tight  joint,  is  equal  to.l6,000d,  where 
d  equals  the  diameter  of  the  bolt  in  inches.     In  a  later  edi- 
tion, Unwin  also  gives  this  value  for  the  initial  tension  on  a 
bolt  under  average  conditions.    This  formula,  however,  probably 
^ives  stresses  too  high  for  small  bolts.     If  we  take  a  half- 
inch  bolt,  forinstanoe,  under  the  required  tension  to  make  a 
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steam-tight  joint,  we  would  have  an  initial  tension  of  16,000  d 
or  8,000  pounds,  which  is  equivalent  to  63,000  pounds  per  square 
inch.    This  figure  is  far  beyond  the  yield  point  of  the  material 
and  manifestly  too  high.    With  a  one-inoh  bolt,  the  initial  tension 
would  be  16,000  pounds  or  20,400  pounds  per  square  inch.  This 
value  lies  within  the  yield  point  and  is  probably  fairly  reliable 
for  such  sizes,  but  we  see  that  according  to  this  rule,  the  unit 
tension  in  the  bolt  varies  inversely  with  the  diameter  in  such  a 
manner  that  for  small  sizes  it  far  exceeds  the  yield  point  and 
rapidly  approaches  the  ultimate  strength  of  the  material.  This 
fact  leads  us  to  the  conclusion  that  instead  of  following  the  law- 

P  =  Kd, 

the  initial  tension  assumes  a  value  more  nearly  assertained  by 
the  express ion- 

P  =  Kd  -  A. 

where  K  and  A  are  constants 

d  =  diameter  of  bolt  in  inches. 

For  making  the  determination  of  the  probable  initial  load  put  on 
a  bolt  when  making  a  steam-tight  joint,  tests  were  conducted  by 
Professor  Moore  in  the  Mechanics  Laboratory  of  the  University  of 
Illinois  in  which  six  machinists  and  steam  fitters  assisted  in 
making  several  trials  on  tightening  up  bolts  of  the  Bizes  tested 
in  this  thesis.    The  results  of  these  tests  will  be  found  in  Table 
II. 

In  the  "Locomotive"  for  Nov.  1897,  there  appeared  an 
article  of  which  the  following  formula  is  the  conclusion: 
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P  =  P,+  kPA  . 
where  P  =  total  resultant  load 

P,  =  Initial  load  due  to  screwing  up 
Pa  =  external  or  useful  load 
k  =  constant  which  assumes  different 
values  for  different  conditions. 

This  is  the  formula  which  has  been  adopted  as  the  basis  of  in- 
vestigation in  this  thesis*    Though  it  is  purely  emperical,  it 
gives  reliable  results,  and  stated  in  words  means  that  the  act- 
ual, resultant  load  on  the  bolt  (P)  equals  the  load  put  upon  it 
(P,  )  to  make  a  steam-tight  joint,  plus  a  certain  part  (k)  of 
the  load  (P^ )  caused  by  the  tendency  of  the  connected  pieces 
to  pull  apart.    We  shall  find  values  of  k  when  rubber  packing 
is  used  and  when  a  copper  gasket  i3  employed  to  make  a  tight 
joint.    The  methods  used  for  obtaining  these  values  of  k  under 
different  conditions  are  described  in  detail  later  in  this  work. 

****  III.  MATERIALS,  TEST  PIECES,  APPARATUS ,  & 

METHODS  OF  TESTING. 

MATERIALS.    The  material  of  which  the  test  pieces 
were  made  was  the  ordinary  quality  of  machine  steel  from  which 
bolts  are  usually  manufactured  in  actual  shop  practice.  Although 
its  chemical  composition  was  not  determined,  its  quality  may  be 
fairly  well  assertained  from  the  values  of  the  load  at  the  yield 
point  and  the  ultimate  strength  shown  in  Table  I. 

TEST  PIECES.    The  test  pieces  were  5,  5^,  &  6  inches 
long  respectively  f  or  the  g- ,  |- ,  &  1  inch  sizes  of  bolts,  and 
all  specimens  were  threaded  on  an  Acme  thread  cutting  machine 
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in  the  shops  of*  the  University  of  Illinois.     The  nuts  for  the 

and  1  inch  bolts  fitted  snugly,    but  in  the  case  of  the  ^f-inch 
bolts  it  was  found  necessary  to  run  over  the  threads  with  a  hand 
die  to  get  the  fit  desired.    Though  these  threads  were  not  as 
sharp  as  on  the  machine  cut  specimens,  3till  they  were  as  good 
as  the  average  obtained  in  actual  practice.    All  the  bolts  were 
threaded  on  both  ends  equal  to  a  little  more  than  the  depth  of 
the  nut»    Twelve  test  pieces  of  each  size  were  tested,  three  for 
each  of  the  conditions  treated  here. 

APPARATUS •      The  apparatus  as  shown  in  Fig.  I.,  con- 
sisted of  two  steel  blocks  drilled  to  receive  the  specimens,  the 
the  lower  one  of  which  was  connected  to  the  moving  head  of  the 
testing  machine  by  two  long  1-inch  studs.    A  100,000  pound  Rhiele 
testing  machine  was  used  on  which  was  mounted  an  automatic  curve 
tracing  apparatus  to  give  us  a  direct  record  of  the  load  and 
stretch  in  each  test.    These  curves  were  traced  and  are  enclosed 
in  this  work. 

METHOD  OP  TESTING.    A  fair,  average  initial  tension 
for  each  size  of  bolt  was  determined  by  a  comparison  of  the  work 
of  several  steam  fitters  in  the  Mechanics  Laboratory  ot  the  Uni- 
versity of  Illinois.    Bolts  of  the  size  used  in  this  thesis  were 
placed  in  a  testing  machine  in  such  a  manner  that  the  pull  on 
the  bolt  due  to  tightening  up  the  nut  was  indicated  by  the  scale 
beam.    Each  mechanic  tightened  the  nut  on  each  specimen  to  the 
proper  amount  to  Make,  in  his  estimation,  a  steam-tight  joint. 
In  order  to  eliminate  the  danger  of  the  results  being  affected 
by  the  mechanic  seeing  the  stresses  h*  was  applying,  the  seal© 
beam  was  not  balanced  till  he  had  fully  satisfied  himself  as  to 
the  soundness  of  the  joint.    Table  II.  gives  the  results  of  these 


tests  in  tabulated  form* 

The  following  method  was  pursued  to  obtain  the  same 

initial  tension  for  all  speoimens  of  the  same  size.    Each  test 

piece  was  set  up  in  the  machine  and  the  torsxon  necessary  to 

produce  the  required  initial  tension  was  determined  by  a  scale 

which  registered  the  tangential  pull  at  the  end  of  the  wrench. 

The  load  was  then  taken  from  the  bolt  which  wa3  screwed  up  tight 

on  the  connected  blocks  till  the  tangential  pull  determined 

above  was  obtained.    This  method  was  strictly  followed  with  each 

specimen  and  insured  a  reasonably  constant  initial  tension  for 

aach  size  of  bolt.    The  required  tangential  pulls  were  found  to 

of  the  axial  load 
vary  from  about  7^Ain  the  case  of  the  %  and  1  inch  bolts  to  as 

high  as  12fo  for  the  %  -inch  sizes.    This  difference  was  probably 
due  to  the  varied  frictional  resistances,  conditions  of  lubri- 
cation and  smoothness  of  threads  and  nut  surfaces.    But  since 
this  difference  was  measured, and  the  tangential  pull  graduated 
so  that  an  initial  tension  of  a  fixed  assumed  value  for  each 
size  of  bolt  was  obtained,  all  bolts  of  the  same  size  may  be  as- 
sumed to  have  been  subjected  to  nearly  the  same  initial  tension. 

When  this  Initial  tension  had  been  determined  and 
applied  to  the  bolt,    the  testing  machine  was  run  down  so  that 
the  lower  head  was  in  contact  with  the  cross  plate,  the  automa- 
tic recording  apparatus  was  adjusted,  and  a  curve  traced  show~ 
ing  the  actual  behavior  of  the  bolt  while  receiving  tension. 
The  motion  of  the  oross  head  of  the  testing  machine  was  taken 
as  the  stretch  of  the  bolt.    While  this  method  would  be  very 
inaccurate  for  determining  the  modulus  of  elasticity,  it  shows 
the  change  of  rate  of  stretch  accurately  and  enables  the  yield 
point  to  be  located.    To  gain  a  means  of  checking  the  curves,  the 
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maximum  tensil©  load  was  recorded  for  each  bolt,  and  the  tests 
continued  to  rupture* 

*******  IV.  EXPERIMENTAL  DATA  AND  DISCUSSION.  ******* 

As  explained  before,  the  unexplored  field  which  this 
wort  enters,  the  limited  amount  of  data  obtainable,  and  the  many 
unforeseen  difficulties  encountered,  forbid  us  from  talcing  the 
results  of  this  work  as  absolutely  conclusive.    However,  we  have 
shown  that  the  factor  of  initial  tension  must  be  taken  into  ac- 
count in  the  design  of  bolts.    The  results  obtained  indicate  that 
the  kind  of  packing  of  the  ordinary  type  used  under  usual  shop 
conditions  is  of  little  consequence,  and  that,  when  subjected  to 
initial  tension,  not  more  than  dOfo  of  the  strength  of  the  bolt 
should  be  expected  for  external  loads.  This  value  varies  of  course 
with  the  mechanic,  owing  to  the  different  degrees  of  tension  put 
on  the  bolt.    Prom  the  tests  referred  to  above  and  described  in 
Table  II.,  it  is  found  that  we  may  expect  a  100$  variation  in 
the  initial  tensions  imposed  by  various  steam  fitters. 

The  values  of  the  stresses  at  the  yield  point  were 
determined  by  Johnson's  method  from  the  original  graphs.  This 
method  is  as  follows:    Take  the  abscissa  of  any  point  A,  curve 
No.  1,  page  29  and  lay  off  AC  equal  to  one  half  AB.    Join  C  with 
the  origin    of  the  curve  and  draw  a  line  parallel  to  0C,  tangent 
to  the  curve.    The  point  of  tangency  thus  determined  is  the 
yield  point  and  this  ordinate  gives  the  load  at  the  yield  point. 
To  correct  this  value,  an  amount  proportional  to  the  difference 
between  the  maximum  load  as  shown  by  the  curve  and  that  recorded 
by  the  beam  of  the  testing  machine,  was  applied  to  the  value  of 
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of  the  yield  point*  The  small  scale  of  the  ordinates  and  the 
appreciable  breadth  of  the  pencil  siark  forbid  accuracy  within 
100  pounds. 

Prom  Table  I.,  it  is  seen  that  there  is  a  considerable 
difference  between  the  unit  loads  at  the  yield  point  of  the  var- 
ious specimens.    This  discrepancy  may  be  explained  in  several 
ways.     (1).  In  the  case  of  no  packing  and  no  tightening,  a  long- 
er portion  of  the  thread  was  exposed  to  the  load  than  in  any  of 
the  other  oaseB.    The  proportion  of  reduced  area  would  therefore 
be  greater  than  in  the  other  tests,  hence  the  yield  would  be  more 
gradual  and  show  sooner  than  a  shorter  exposed  thread.    The  tests 
of  No.  lit  -k  -inch  size  showed  such  a  noticable  discrepancy  that 
its  results  have  been  omitted  from  the  averages  given  in  the 
tables.     (2).  If  in  tho  case  of  heavy  rubber  packing,  the  elong- 
ation of  the  stud-bolt  was  less  than  the  amount  which  the  packing 
was  compressed,  the  rubber  would  exert  an  additional  force  not 
shown  by  the  balance  beam  of  the  testing  machine  or  recorded  by 
the  graphs.    This  may  be  seen  by  referring  to  Pig.  II ♦    In  sketch 
A,  is  shown  the  packing  thickness  (a)  with  no  load  applied  to  the 
bolt.    At  B  is  shown,  somewhat  in  exageration,  the  same  packing 
-fith  the  Joint  tightened  and  therefore  with  the  initial  load  but 
no  external  load  on  the  bolt.    This  initial  load  has  compressed 
the  packing  an  amount  equal  to  (a-b),  and  the  bolt  i3  elongated 
by  an  amount  equal  to  d.    At  C  we  have  the  same  state  of  affairs 
as  at  B  but  with  the  external  load  applied.    This  tends  to  take 
the  load  off  the  rubber  packing,  but  since  it  is  of  an  elastic 
material  it  exerts  a  force  on  the  bolt  in  addition  to  the  extern- 
al load.    This  action  does  not  take  place  with  an  inelastic  pack- 
ing and  therefore  the  sum  of  the  internal  and  external  loads 


need  not  be  taken  into  account  when  non-elastic  packing  material 
±3  used.    In  that  case,  the  bolt  should  be  designed  for  either 
initial  or  external  load  depending  on  which  is  the  greater. 
With  elastic  packing,  the  sum  of  the  initial  and  part  of  the  ex- 
ternal load  must  be  considered*    As  an  example,  let  it  be  assumed 
that  we  have  an  initial  load  due  to  tightening  the  bolt  of  10,000 
pounds.    This  load  compresses  the  packing-^  of  an  inch  and  elong- 
ates the  bolt  ji  of  an  inch.    Let  there  now  be  applied  an  external 
load  of  10,000  pounds,    then,  if  we  assume  a  perfectly  elastic 
packing,  we  have  the  load  on  the  bolt  as  follows: 

Let  Z  =  load  on  the  bolt  due  to  the  pressure  of 
the  packing  when  the  system  is  in  equi- 
librium. 

By  an  equation  of  the  work,  we  obtain- 
(10,000  ♦  Z)fz  =  (10,000  -  Z)| 
(10,000  +  Z)  =  40,000  -4Z) 
therefore    -Z    =  6,000 
and  the  load  on  the  bolt- 

10,000  +  6,000  -  16,000  pounds 
while  the  elongation  is^  inches. 

This  is  somewhat  extreme  for  the  packing  is  hardly  ever  perfectly 
elastic  and  therefore  the  total  load  would  be  somewhat  less.  The 
allowance  must  also  be  based  upon  the  length  of  the  bolt  or  stud 
for  if  the  bolt  is  short,  the  ratio  of  the  yield  of  the  bolt  to 
the  packing  becomes  small  and  hence  increases  the  total  load  on  the 
bolt.    But,  on  the  other  hand,  if  the  bolt  is  long  the  effect  of 
the  packing  may  be  neglected  and  the  bolt  designed  for  the  extern 
al  or  the  initial  load  whichever  is  the  greater. 
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Previous  discuBaion  nas  shown  that  Professor  Barr's 
formula,  P  =  16,000  d,  loads  to  rather  high  results  especially 
in  the  oase  of  smaller  bolts.    That  the  stresB  in  the  bolt  is 
some  function  of  the  diameter,  is  evident,  but  it  is  believed  to 
vary  not  with  the  first  power  of  d  alone  but  with  the  first  power 
of  d  plus  some  constant  A.    The  pull  (P)  might  be  correctly  ex- 
pressed as  a  function  of  the  crosa-section  area  of  the  bolt.  In 
this  connection  however,  it  must  be  born  in  mind  that  the  smaller 
sized  bolts  are  always  loaded  heavier  in  proportion  to  their 
size  than  the  larger  ones. 

For  further  investigation  of  this  subject,  it  would 
be  well  to  bear  in  mind  the  following  facts:     (1).  To  get  uniform 
results  for  the  sake  of  comparison,  the  test  pieces  of  the  same 
size  should  be  cut  from  the  same  bar  of  stock,  and  if  the  chemi- 
cal composition  is  not  known,  different  sizes  should  be  of  as  near- 
ly uniform  compossion  as  can  be  obtained  on  the  market.     (2).  In 
order  that  proper    allowance  be  made  for  the  thickness  of  packing 
and  copper  gaskets,  the  test  pieces  should  be  threaded  to  such 
a  length  that  the  same  amount  of  the  threaded  portions  be  subject- 
ed to  tension  in  all  oases.     (3).  A  large  number  of  tests  should 
be  made  on  all  the  most  usdd  commercial  sizes  to  establish  with  a 
greater  degree  of  accuracy  suitable  values  for  k  under  all  condi- 
tions.    (4).  Very  interesting  information  might  be  gained  in  re- 
gard to  the  forceB  required  to  compress  rubber  and  copper  gaskets 
a  given  amount,  and  the  stresses  exerted  by  this  packing  on  the 
bolt. 
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»#•*•***  V.  CONCLUSIONS. 

From  the  results  obtained  In  this  thesis,  the  following 
oonolusions  stated  in  brief  outline  are  drawn  in  regard  to  the 
strength  of  bolts  undergoing  an  initial  tension: 

I*  When  subjected  to  tension,  not  more  than  50$  of  the  strength 
of  the  bolt  is  available  for    external    load.    If  the  stud- 
bolts  are  unusually  short  and  the  packing  elastic,  even  less 
than  50 fo  should  be  allowed;  and  if  unusually  long,  the  design 
of  the  bolt  should  be  based  upon  the  greatest  load  whether  It 
be  external  or  initial. 

II .  The  values  of  k  in  the  formula  P  =  P,    +  kP^  are  as  fol- 
lows :  - 

for  rubber  packing,  k  =  0.517. 
for  copper  gasket,      k  ■  0.409. 

III.  The  values  for  initial  tension  given  by  Professor 
Barr's  formula,  P  =  16,000  d,  run  somewhat  high.    To  repre- 
sent more  nearly  the  values  attained  in  shop  practice,  the 
the  equation  should  have  the  forai- 

P  -  Kd  -  A. 

IV.  Since  only  a  oomparitively  small  number  of  testa  have 
been  made,  an  accurate  valuation  of  the  constants  has  not 
been  attempted.    Prom  the  values  obtained  in  this  work, 
which  at  best  are  only  preliminary,  the  following  values 
are  approximated: - 

K  =  13,800. 
A  =  2,800. 

For  the  smaller  sizes,  A  is  a  very  important  factor,  but  for 


large  sizes  of  bolts,  2-inches  in  diameter  and  larger, 
factor  A  may  be  dropped  out  for  then  it  would  be  only 
small  percent  of  the  total  load. 


Part  II. 

I.  INTRODUCTION • 

This  part  of  the  work  is  an  addition  to  laat  years 
thesis  entitled,  "Experiments  of  the  Strength  of  Bolts  and  Sorews1* 
by  Hodgson  and  Miller  and  the  sane  outline  holds  for  this  part. 

It  is  believed  that  a  V-thread  is  stronger  than  a 
square  thread  of  the  same  root  and  shank  dimensions.    The  reason 
for  this  is  stated  to  be  due  to  the  fact  that  the  V-thread,  be- 
cause of  its  shape,  teust  give  way  in  shorter  portions  of  the  ma- 
terial and  hence  faster  than  the  square  thread  which  has  a  uniform 
diameter  equal  to  one  half  the  pitch  of  the  thread.    The  V-thread 
has  only  a  very  small  portion  of  its  thread  of  uniform  diameter 
while  sometimes  it  is  very  sharp.    For  this  reason  the  efficiency 
of  the  1-inch  V-thread  of  last  years  work  will  be  compared  with 
the  1-  inch  square  thread  of  7  threads  per  inch.    It  is  an  unfor- 
tunate afcrcumstanoe  that  the  square  threaded  specimens  were  found 
when  tested  to  be  high  carbon  steel,  and  as  this  was  not  discouv- 
ered  until  the  time  of  the  tests  and  as  the  time  would  not  allow 
the  making  of  duplicates,  this  work  will  have  to  be  taken  for 
what  it  is  worth.    Data  and  results  relating  to  the  I -inch  sizes 
of  the  V-thread  are  copied  to  afford  better  oomparision. 

The  disoussion  of  the  Method  of  Teseing  found  in  the 
previous  thesis  needs  some  modification  here.    In  that  series,  no 
attempt  was  made  to  measure  the  amounts  which  the  nut  and  the 
threads  in  the  nut  gave  way  to  the  loads.    In  this  part,  this  was 
measured  and  a  correction  introduced  to  take  care  of  it.    To  ac- 
complish this,  the  following  method  was  adapted:    To  the  specimen 
============^^ 
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was  first  clamped  the  standard  8-inch  test  gage  (gage  No.  1,  Fig. 
3),     It  was  then  put  into  the  testing  machine  and  a  load  of  200  or 
300  pounds  was  applied  to  grip  it  securely.     Then  a  special  fixture 
carrying  an  Ames  dial  (gage  No.  3)  was  adjusted  to  the  nut.  This 
dial  was  actuated  by  an  adjustable  part  screwed  into  the  top  of  the 
test  piece.    The  Ames  dial  thus  measured  the  movement  of  the  bolt 
relative  to  the  nut.    The  same  fixture  applied  to  the  nut  had  an 
extension  on  which  was  pivoted,  on  oone  points,  a  small  balancing 
piece  carrying  a  very  fine  copper  wire  for  actuating  a  gage  (gage 
No.  2)  clamped  to  the  middle  of  the  test  piece.    This  gage  there- 
fore measured  the  elongation  in  that  pert  of  the  specimen  which  was 
between  the  gage  and  the  nut,  plus  the  movement  of  the  bolt  rela- 
tive to  the  nut.    This  portion  was  al30  measured  by  the  Ames  dial 
and  could  therefore  be  easily  deduoted.    The  elongation  in  the 
portion  of  the  stock  not  threaded,  expressed  in  standard  terms  of 
elongation  in  8-inches,  was  next  deducted  and  the  elongation  in  the 
threaded  portion  found.    Using  the  successive  values  thus  obtained, 
the  curves  B&C  pp  33-35  were  plotted  showing  the  behavior  of  the 
threaded  portion  under  tension.    The  curves  A  pp.  33-35  are  the 
results  6?  the  tensile  tests  on  the  corresponding  shanks  or  stock. 
The  curves  B  and  C  show  the  elongation  in  the  threaded  portion 
and  in  the  shank  respectively  to  a  large  scale.    The  curve  A  is  the 
complete  load-elongation  curve  for  the  shank  of  the  bolt  giving 
the  maximum  load,  and  the  load  and  elongation  at  rupture.  The 
dotted  portions  are  unknown  paths  and  therefore  the  elongation 
corresponding  to  the  maximum  load  cannot  be  determined. 

The  following  system  of  identification  of  specimens 
was  used  in  Table  III:    The  kind  of  thread  was  indicated  by  V  or 
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3q,  next  comes  the  number  of  the  specimen  aa  tested,  then  its 
size  in  inches,  and  the  the  symbol  for  the  method  of  cutting  the 
threads.    Thus  V-2-1-D  means  V-thread,  specimen  No.  2,  1-inch  in 
diameter,  with  die-cut  threads.      Sq-3-l-L  means  square  thread, 
specimen  No.  3,  1-inch  in  diameter,  with  lathe  out  threads. 

««***#*#  II.  CONCLUSIONS.  ****#*«# 

From  the  results  of  the  1-inch  V-thread  tests  of  the 
1910  series  included  in  Table  III,  the  Following  conclusions  are 
drawn : 

I.  That  the  efficiency  at  the  elastic  limit  (column  19)  is 
about  2$  higher  for  the  square  threads  than  for  the  V-threads. 

II.  That  the  efficiency  at  the  yield  point  (column  20)  is 
about  5%  lower  for  the  square  threads  than  for  the  V-thread3. 

III.  That  the  efficiency  at  the  ultimate  (column  21)  is  about 
25$  lower  for  the  square  threads  than  for  the  V- threads. 
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TABLE  I. 


NO.  Of 

Speci- 
men 

Size  of 
Speci- 
men, 
in. 

Conditions  of 

Initial 

Loading. 

Initial 

Load, 
lb. 

Max. 
Tensile 
Stress, 
lb. 

Load 

at 
Y.P. 

lb. 

Average 
Load  at 
Y.  P. 
lb. 

1. 

2. 
3. 

h 
Vz. 

•  A. 

Iron  against 
Iron. 

4,000 
4,000 
4,000 

7,720 
8,050 
8,640 

6,500 
5,800 
6,800 

6,367 

4. 
5. 
6, 

'/a. 
'/*. 
'/* 

Rubber  Pack- 
ing. 
"  thick. 

4,000 
4,000 
4,000 

10,000 
8,600 
7,840 

5,700 
5,200 
5,300 

5,400 

7. 
8. 
9. 

h 

Copper  Gas- 
ket Wire. 
.101  by  3 

4,000 
4,000 
4,000 

9,060 
8,690 
7,860 

5,750 
5,600 
5,400 

5,580 

10. 
11. 
12. 

'/a 
'/a. 

No  Packing 

and  No 
Tightening. 

0.0 
0.0 
0.0 

9,130 
9,450 
8,690 

5,  800 
7,800 
4,400 

5,100 

No.  Of 

Speci- 
men. 

Unit 

Load 
at  Y.P. 
lb/sq, in 

Average 
Unit  Load 

at  Y.P. 
lb/sq. in. 

Constant 

Remarks • 

1. 

2. 
3. 

51,550 
46,000 
54,000 

50,516 

4. 
5. 
6. 

45,400 
41,300 
42,050 

42,916 

0.438 

.  7. 
8. 
9. 

45,600 
44,450 
42,8500 

44,300 

0.424 

10. 
11. 
12. 

*%ooo 

(61,900) 

34,900 

40,250 

Threaded  only^  w ,  hence  only 
very  small  portion  of  thread 
was  subjected  to  tension. 

TABLE  I. 


f  o  •  or 

Speci- 
men. 

oize  oi 
Speci- 
men, 
in. 

conditions  or 

Initial 
Loading. 

initial 

Load, 
lb. 

Max. 

Tensile 
Stress, 
lb. 

Load 

at 
Y.P. 

lb. 

Average 
Load  at 
Y.  P. 
lb. 

1. 
2. 
3. 

% 

No  Packing 

and  No 
Tightening. 

0.0 
0.0 
0.0 

22,880 
22,290 
21,960 

13,100 
14,400 
13,500 

13,667 

4. 
5. 
6. 

% 

Iron  against 
Iron. 

8,000 
8,000 
8,000 

22,030 
24, 150 
25,690 

14,000 
18,000 
15,400 

15,800 

7. 
6. 
9. 

% 

Rubber 

Packing. 

8,000 
8,000 
8,000 

23,800 
24,010 
23,570 

14,000 
16,300 
14,600 

14,067 

10. 
11. 
12. 

' 

Copper  Gas- 
•ket  Wire. 
.115  by  4. 

8,000 
8,000 
8,000 

23,760 
23,780 
23,160 

17,100 
17,100 
15,800 

16,733 

No.  of 
Speci- 
men. 

Unit 
Load 
at  Y.P. 
lb/sq. in. 

Average 
Unit  Load 

at  Y.P. 
lb/sq. in. 

Constant 
k. 

Remarks . 

1. 

2. 
3. 

43,400 
47,700 
44,700 

45,266 

4. 
5. 
6. 

46,400 
59,600 
51,000 

52,333 

7. 
8. 
9. 

46,400 
54,000 
48,400 

49,600 

0.522 

10. 
11. 
12. 

56,650 
56,650 
52,350 

55,216 

0.477 
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TABLE  I. 


Ho .  of 

Size  of 

Conditions  of 

Initial 

Max. 

Load 

**  ▼  V»JL  w«» P~j \J 

Speci- 

Load. 

Tensile 

at 

Load  at 

Speci- 

men. 

Initial 

Stress. 

Y.P. 

Y.  P. 

men. 

in. 

Loading. 

lb. 

lb. 

J-b. 

I'm 

1 

No  Packing 

0.0 

35,940 

22,400 

2m 

1 

and  No 

0.0 

36,640 

21,800 

22,400 

3. 

1 

Tightening. 

0.0 

36,090 

23,000 

4. 

1 

Iron  against 

10,000 

37,560 

23,600 

5. 

1 

10,000 

36,750 

23,000 

23,267 

6. 

1 

Iron. 

10,000 

37,970 

23,200 

7. 

1 

Rubber 

10,000 

36,800 

22,000 

8. 

1 

Packing. 

10,000 

36,820 

23,000 

22,433 

9. 

1 

10,000 

36,380 

22,300 

10. 

1 

Copper  Gas- 

10,000 

36,680 

22,700 

11. 

1 

ket  Wire. 

10,000 

37,260 

23,600 

22,267 

12. 

1 

.115  by  4" 

10,000 

36,400 

23,500 

No.  Of 

Speci- 
men. 

Unit 
Load 
at  Y.P. 
lb/sq.in. 

Average 
Unit  Load 

at  Y.P. 
lb/sq. in. 

Constant 
k. 

Remarks . 

1. 
2. 

3. 

40,700 
39,700 
41,800 

40,733 

Scaled  partly. 

Scaled  partly.    Nut  loose. 

Scaled  all  over. 

4. 

5. 
6. 

42,950 
41,800 
42,200 

42,316 

Scaled  all  over. 
Scaled  all  over. 

7. 
8. 
9. 

40,000 
41,800 
40,550 

40,766 

0.591 

Scaled  all  over. 
Scaled  partly. 
Scaled  all  over. 

10. 
11. 
12. 

41,300 
42,950 
42,800 

42,350 

0.596 

Scaled  partly. 
Scaled  all  over. 

TABLE  II. 


TESTS  ON  TIGHTENING  Or  bOLTS. 


Man  • 

Lowri  Applied  on  Bolts, 
in  poundB, 

Dia.  of  Bolt 
in  lncxicst 

_/ 

z 

* 

1  * 

A. 

3,230 
3,5oo 

3,420 
3,510 

4,870 
4,300 

B. 

4,840 

8,200 

6,120 
12,530 

C. 

4,570 

.9,380 

11,400 
13,740 

D. 

3,400 

7,460 

13,640 

E. 

3,290 

9,410 

12,470  I 

F. 

10,930 
11,540 

13,760 
16,290 

Average 

3,805 

7,981 

10,932 

1 
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TABLE  III. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Specimen 

Diameter  in  in. 

Net  Area  of 
cross-section 
in  in. 

Ratio  of 
Areas 

Elastic  Limit. 

No. 

of 

at 

at  Root 

in 

in 

shank 
in  in. 

Root  of 
Thread. 

at 
Shank 

at 
rhread. 

to 
Shank. 

Shank 
in  lb. 

Thread 
in  lb. 

V-l-I-D. 
V-2-1-D. 
V-3-I-D. 
Average. 

0.988 
0.990 
1.000 
0.9927 

0.840 
0.840 
0.840 
0.840 

0.768 
0.769 
0.785 
0.774 

0 . 554 
0.554 
0.554 
0.554 

0.721 
0.719 
0.706 
0.715 

26,600 
27,000 
26,800 

21,500 
21,000 
22,500 

V-l-l-M. 
V-2-1-M. 
V-3-1-M. 

Average. 

0.992 
0.992 
0.992 
0.992 

O  .  840 
0.840 
0.840 
0.840 

0.772 
0.772 
0.774 

0.773 

0.554 
0.554 
0.554 
0.554 

0.717 
0.717 
0.715 
0.716 

26,800 
27,800 

18,800 
21,400 
20,200 

Sq-l-i-L 
Sq-2-l-L 
Sq-3-l-L 
Average. 

1.003 
1.004 
1.005 
1.004 

0.845 
0.833 
0.844 
0.841 

0.790 
0.792 
0.793 
0.792 

0.561 
0.545 
0.559 
0.555 

0.710 

O  -  <=5ftfl 

W  t  JOO 

0.705 
0.701 

47,080 
41,550 
46,070 

37,520 
35,110 
39,000 

1. 

9. 

11. 

12. 

13. 

14. 

Specimen 

Yield  Point, 
in  lb. 

Ultimate, 
in  lb. 

Elastic 
in 

Limit, 
lb. 

No. 

in 
Shank. 

in 
Thread. 

in 
Shank. 

in 
Thread. 

in 
Shank . 

in 
Thread . 

V-l-l-D. 
V-2-1-D. 
V-3-1-D. 

Average • 

28,200 
28,200 

24,000 
24,300 
24,900 

46,900 
46,100 
45,800 

38,800 
38,500 
38,400 
38,570 

34,630 
35,100 
34,150 
34.630 

38,820 
37,920 
40,600 
39,110 

V-l-l-M. 
V-2-1-M. 
V-3-1-M. 
Average . 

25,700 
28,050 
28,300 

21,250 
23,000 
23,600 

39,300 
45,500 
45,300 

33,300 
38,000 
38,200 
36,500 

31,080 
34,700 
35,930 
33.900 

33,950 
38,680 
36,500 
36,380 

Sq-l-l-L 
Sq-2-l-L 
Sq-5-l-L 
Average. 

44,500 
40,800 
42,500 

32,500 
32,600 
34, 500 

76,460 
89,360 
76,240 

43,850 
52,660 
45,530 
47,350 

59,600 
52,460 
58,090 
56,710 

66,990 
64,420 
69,770 
67,060 
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TABLE  III.  Concluded. 


1. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

Specimen 
No. 

Yield  Point, 
lb/sq. in. 

Ultimate, 
lb/sq. in. 

Ratio  of  Load  on  Thread 
to  Load  on  Shank. 

in 
Shank. 

in 
Thread. 

in 
Shank. 

in 
Thread. 

Elastic 
Limit. 

Yield 
Point 

Ultimate 

V-l-l-D. 
V-2-1-D. 
V-3-1-D. 

Average . 

36,700 

35,900 
36,300 

43,300 
43.850 
45,000 
44,050 

61,100 
59.850 
58,300 
59,750 

70,100 
69.600 
69,400 
69,700 

0.808 
0.778 
0.839 
0.808 

0.852 

0.882 
0.867 

0.828 

0.839 
0.834 

V-l-l-M. 

V  —     —  i  — itl  • 

V-3-1-M. 

Average. 

33,250 
36,330 
36,520 
35,370 

38,380 
41,600 
42,600 
40,860 

50,900 
58,900 
58,600 
56,130 

60,150 
68,600 
68,900 
65,880 

0.783 
0.799 
0.727 
0.  770 

0.827 
0.820 
0.834 
0.  827 

0.839 
0.834 
0.844 
0.839 

Sq-l-i-L 
Sq-2-l-L 
Sq-3-l-L 
Average. 

56,330 
51,520 
53,890 
53,910 

58,040 
59,810 
61,720 
59,890 

96,780 
112,839 

96,140 
101,920 

78,300 
96,620 
81,430 
85,450 

0.797 
0.  845 
0.846 
0.829 

0.730 
0.798 
0.811 
0.780 

0.573 
0.587 
0.597 
0.586 

1. 

Specimen 
No. 

22. 
Ultimate 
Load  in 
Shear, 
lb. 

Area 

in 
Shear 
sq. in. 

24. 

Ultimate 
Load  in 
Shear. 

lb/sq. in. 

V-l-l-D. 
V-2-1-D. 
V-3-I-D. 

Average • 

20,000 
21,300 
16,500 

0.607 
0.659 
0.527 

33,000 
32,300 
31,280 
32,190 

V-l-l-M. 
V-2-I-M . 
V-3-1-M. 
Average . 

18,200 
20,300 
20,800 

0.775 
0.712 
0.659 

23,500 
28,520 
31,550 
27,860 

Sq-l-i-L 
3q-2-l-- 
Sq-3-l-L 
Average. 

10,500 
10,180 
14,400 

0.184 
0.182 
0.277 

57,010 
55,930 
52,040 
54,990 
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